A Strategy for Maintaining Fluid and Electrolyte Balance in Aerobic Effort  by Apostu, Mihaela
 Procedia - Social and Behavioral Sciences  117 ( 2014 )  323 – 328 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.




A Strategy for Maintaining Fluid and Electrolyte Balance in 
Aerobic Effort 
Mihaela Apostu a* 
aNational University of Physical Education and Sport, 140 Constantin Noica Street, sector 6, Bucharest, 060057, Romania 
Abstract 
During endurance exercise, approximately 2% of the body weight is lost through sweating, although the adaptive 
phenomenon of water "conservation" (slow blood flow to the kidneys) and prevention of dehydration is triggered in the 
athletes’ body. Higher losses emphasize this situation, because hydrostatic pressure differences within the internal 
compartment causes fluid transfer. Such gradients occur during exercise, when due increase of the osmotic pressure water is 
redistributed from the blood vessels to the muscles. The internal environment’s electrolyte homeostasis is highly influenced 
by daily intake of water with or without minerals. The desire to minimize hyperthermia, dehydration and mineral imbalances 
in the athletes’ body, as well as overall hydration - pre, intra and after effort - is a constant concern for sports specialists. 
Obtaining the "ideal" drink for athletes during recovery, in order to stimulate intestinal absorption of water, to maintain the 
electrolyte balance of the body and to provide energy to support muscular activity continues to be a challenge for most 
producing companies 
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1. Background 
During rest, the relatively constant amount of water in the body is ensured by fluid intake (60%), by solid 
intake (30%) as well as through energy-producing biochemical reactions (10%). The electrolyte balance of the 
internal environment is maintained by the activity of the hypothalamic regulatory system, through the renal and 
the endocrine functions of the body. Any disturbance of the normal fluid limits leads to great losses or excessive 
accumulations of water. These can be conditioned by the climate, the nature of nutrition, health and physical 
activity. Thus, at high ambient temperatures, during intense physical activity and fever, water elimination can 
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exceed 2.5 l/h.  The restoration of the fluid balance is directly modified by daily water needs. For example, an 
athlete performing moderate physical activity in a moderate climate requires 1500-2000 ml water/day. These 
values can increase by 500-1500 ml/day at high temperatures, in pathological conditions or during long-term 
aerobic effort. In all cases described, the fluid intake should be strictly adhered to. Loss of only 1-2% of global 
water from the body inevitably leads to serious diseases or cell death (Apostu, 2003). 
The level of dehydration of the body is proportional with the duration of exercise and dependent on weather 
conditions. The human body cannot spontaneously compensate electrolyte losses because there is a disproportion 
between the retention capacity and the degree of loss, caused by the appearance of "the involuntary dehydration 
phenomenon" (Guyton, 1996). This paper attempts to highlight the importance of re-establishing the electrolyte 
balance, as one of the objectives of supporting sports performance, drawing special attention to the amount, 
composition and the time of the hydrating drink intake. The information below is supported by the data analysis 
in the literature and experimental results obtained by evaluating the functional and biochemical parameters. 
2. Material and methods 
During physical exercise, the intensity of the catabolic reactions increases leading to body overheating and 
massive loss of body water. Prolonging physical activity magnifies the aerobic degradation rate of metabolic 
water. This is, however, insufficient to maintain the stability of fluid volume, which is affected by heavy 
sweating. Thus, 245 g of metabolized carbohydrate during an hour of exercise at medium intensity can release 
146 ml of metabolic water – a very small amount as compared to the 1500 ml of sweat lost at the same time 
(Wilmore and Costill,  2001). 
2.1. Hydration before exercise 
When it comes to endurance athletes, the hydrations level of the body conditions the exercise capacity. 
Decreased by only 2% through sweating (1200-1600 ml water) one’s body weight modifies thermoregulation and 
cardiovascular activity. Also, disruption of mineral balance has negative effects on the contractile function of the 
myocardium and skeletal muscle (Guyton, 1996).Generally speaking, assessing the degree of dehydration is 
based on the appearance of "thirst". For sportsmen this is not an indicator edifying, because there may be a slight 
dehydration even before the "thirst" appeared. In addition, this feeling disappears before the necessary body's 
fluid is covered. There is also a great variety of ways to react to thirst, depending on each individual, some 
athletes are "big drinkers" when dehydrated, others are less receptive. 
In this context, hydration before effort limits dehydration in terms of aerobic exercise and is one of the 
strategies to maintain fluid level in the athlete’s body. Experiments conducted by Montain & Coyle (1992) and R. 
Maugham (1996) demonstrated a limit of 3% dehydration, accompanied by a 6-7% increase in exercise capacity 
and cardiovascular function by 2% if athletes consumed between 2.7 to 4.6 litres of liquid the day before exercise 
and 500 ml two hours before the start. 
The American College of Sports Medicine (2007) recommends the use of glycerol (1g/kg body weight) before 
exercise, after numerous studies have shown an increase in aerobe effort capacity during physical activity under a 
high environmental temperature. The trihydroxylic compound got the attention of specialists thanks to its high 
degree of saturation that can ensure good hydration of the internal environment through direct involvement in 
carbohydrate metabolism. Due to the maximum glycemic index, glucose drinks should not be included in the 
hydrating drinks ingested 2 hours before exercise, as they raise blood glucose levels, already high as a result of 
the starting state. In this case, limiting endocrine factors, as well as the effects of hyperglycemia and 
hypoglycemia which can appear during aerobic exercise may have negative effects on the athletes’ performance. 
Special attention is given to the "pre-effort hyperhydration" technique, a strategy that is more and more seen 
among in athletes, due to their desire to limit dehydration during exercise. In this practice glycerol ingestion is 
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recommended in order to avoid compromising the cardiovascular system due to hypervolemia and diuretic action 
of substances contained by hydrating beverages (e.g., caffeine and other ingredients in coffee, tea, chocolate and 
mineral water which may increase the rate of dieresis) (Bernardot, 2006). 
2.2. Hydration during exercise 
During endurance efforts, large amounts of heat are released from the tissue as the athlete's oxygen 
consumption increases by over 20% and the rate of catabolic processes is directly proportional to it. If the heat 
flow throughout the body takes place in environmental conditions of hyperthermia, the body temperature rises 
from its normal level of 37˚C to the 40˚C threshold that is destructive to cells (in particular to neurons). The 
entire complex, called "thermal shock", threatens the body’s stability, having a negative influence on 
cardiovascular activity, if the thermoregulation mechanism becomes insufficient. Since the metabolic rate of the 
biochemical reactions of released energy doubles during exercise and heat loss through sweating is a way of 
dissipating body heat, the risk of the athlete entering hyperthermia can be minimized only by hydrating during 
exercise (Power and Howley, 2004) 
The hydration strategy during effort is supported, physiologically, by recording the heart rate of two groups of 
athletes during anaerobic exercise at 70% VO2 max intensity and with a duration of 120 minutes. According to 
these studies, the average value of heart rate in athletes that received a lot of hydration during the race schedule is 
151.6 beats/min, significantly reduced from 156.5 beats/min, a value that is the average for a batch of athletes 
who without hydration (Bernardot, 2006). 
Furthermore, the biochemical evaluation of the electrolytic circuit performed on a group of 15 cyclists in a 
specific effort that takes place on a distance of 30 km may lead to the development of a complex plan of 
hydration during exercise based on the dynamics results of sodium and potassium welder. Cation identification 
was done in the laboratory through the spectrophotometric method and sweat sampling was carried out twice (half 
way and at the finish) (Apostu, 2003). 
It should be noted that all subjects received a specific hydration program: 500 ml 2 hours before exercise and 
200 ml during the race, noting that the first test athletes drank only plain water and at the second ones ingested a 
mineral drink as follows: 
 anions: nitrate (NO3-) 0,2 mg/l; Sulphate (SO42-) 7,6 mg/l; hydrogen carbonate (HCO3-) 199,7 mg/l, nitrite 
(NO2
-) 20,02 mg/l; 
 cations:  sodium (Na+)  6,0 mg/l,  potassium (K+) 0,6 mg/l,  magnesium (Mg++) 13,37 mg/l, calcium (Ca++) 
46,09 mg/l. 
When carrying out the experiment (ascertaining and formative type) the ambient temperature was 
monitored carefully as it should not exceed 18 to 20˚ C. It is considered that these values remain constant 
through hydro circuit; it is only the consequence of changes in the exercise performed. The results obtained 
were ordered and processed by dispersion analysis ANOVA, which allowed simultaneous comparison of 
biochemical indicators of averages, maintaining the materiality at value of 0.05. By this we could see whether 
or not statistically significant differences were recorded within the same group for the parameters evaluated 
(see Table 1.1.; Table 1.2.). 
Table 1.1. Comparative results of Na + (mEq/l) in first and second test 
Statistical indicators 
(first test) Na+  (mEq/l) 
Statistical indicators 
(second test) Na+  (mEq/l) 
      15 km 30 km       15 Km 30 Km 
Arithmetic average 31.27 36.60 Arithmetic average 33.00 33.27 
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Standard error 1.54 0.67 Standard error 0.68 0.61 
Median 33.00 37.00 Median 33.00 33.00 
Module 35.00 38.00 Module 32.00 33.00 
Standard deviation 5.98 2.61 Standard deviation 2.62 2.37 
Dispersion 35.78 6.83 Dispersion 6.86 5.64 
Arching  0.12 1.77 Arching  -0.80 -0.23 
Asymmetry -1.11 -1.52 Asymmetry  0.28 0.59 
Amplitude 19.00 9.00 Amplitude 9.00 8.00 
Minimum 19.00 30.00 Minimum 29.00 30.00 
Maximum 38.00 39.00 Maximum 38.00 38.00 
Sum of the results 469.00 549.00 Sum of the results 495.00 499.00 
Number of subjects 15 15 Number of subjects 15 15 
Level of confidence (95.0%) 3.31 1.45 Level of confidence (95.0%) 1.45 1.31 
Table 1.2. Comparative results of K+ (mEq/l) in first and second test 
Statistical indicators 
(first test) K+  (mEq/l) 
Statistical indicators 
(second test) K+   (mEq/l)  
      15 km 30 km       15 Km 30 Km 
Arithmetic average 4.31 4.51 Arithmetic average 4.15 4.16 
Standard error 0.17 0.07 Standard error 0.04 0.03 
Median 4.40 4.50 Median 4.20 4.10 
Module 5.10 4.50 Module 4.30 4.10 
Standard deviation 0.64 0.28 Standard deviation 0.16 0.12 
Dispersion 0.41 0.08 Dispersion 0.03 0.02 
Arching  -0.29 -0.78 Arching  -1.21 -0.76 
Asymmetry 0.10 -0.08 Asymmetry -0.17 0.38 
Amplitude 2.40 1.00 Amplitude 0.50 0.40 
Minimum 3.10 4.00 Minimum 3.90 4.00 
Maximum 5.50 5.00 Maximum 4.40 4.40 
Sum of the results 64.70 67.60 Sum of the results 62.20 62.40 
Number of subjects 15 15 Number of subjects 15 15 
Level of confidence (95.0%) 0.35 0.16 Level of confidence (95.0%) 0.09 0.07 
 
The variations of quantities between the average parameters that were studied are based on deductive 
reasoning that was used as an extensive theoretical documentation, as there are no experiments for this. The lower 
concentrations of electrolytes found in the sweat of athletes who have received additional mineralized fluid intake 
is most likely due to the phenomena of active redistribution of fluids between the internal environments’ 
compartments. This way, voluntary controlled hydration helps with the reduction of sweat flow and at the same 
time leads to the growth of the sodium reabsorption rate in the active sweat gland tubules (especially when it 
comes to the forerunner secretion, before it reaches the surface of the body) (Apostu, 2003). 
Rehydration with plain water becomes useful only when it comes during efforts lasting less than 60 minutes, 
restoring blood volume, but having no effect on the electrolyte component. This is why in case of longer effort  
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(2-4 hours), plain water intake during exercise installs hyponatremia. The decrease of plasma sodium 
concentration, as a consequence of water level growing in the plasma leads to the disappearance of the "sensation 
of thirst" and emphasizes the process of dehydration during exercise (Bernardot, 2006). 
Administering sodium-rich beverages during effort has the advantage of maintaining a normal serum sodium 
level in the complete restoration of fluid over a period of 3-4 hours after effort. The optimal proportion of sodium 
in sports drinks is 75 mg per 250 ml water.  Sugars are also added to these, taking into account the fact that the 
two substances favour water absorption in the intestinal wall. It also provides protection for the glycolytic 
deposits which become an active source of energy during ATP resynthesis (Eberle, 2007). Electrolyte 
rebalancing concerns both sodium and potassium and chlorine elements necessary for the muscle’s contraction 
and relaxation. Loss of electrolytes through sweating during long-term efforts is significant and leads to lower 
performance, as shown by a series of symptoms. Thereby, sodium and potassium that are lost through 
perspiration can reach values of 5-6% out of the total amount contained in the body, leading to dizziness and/or 
faintness. It must be also noted that a decrease of only 1% of plasma concentrations of chlorine can cause 
fasciculation and muscular cramps associated with heat intolerance (Maughan, 1999). 
 
2.3. Hydration after exercise 
 
 Rehydration after exercise must exceed optimal actual body water deficit. Taste, flavour and temperature are 
important factors for the individual’s fluid intake. The ideal drink for athletes should not cut thirst but maintain it 
so that they can continue to rehydrate. The rehydration solution’s temperature is important and depends on the 
ambient temperature and the athletes’ heating level. Drinking mainly cold drinks has the disadvantage that they 
cannot be drunk in large quantities. This is why the recommended temperatures are between 10-15° C. 
(Bernardot, 2000) 
The intake of large amounts of plain water after exercise is stopped produces blood plasma dilution before the 
blood volume returns to normal. In order to keep blood levels within normal limits the sensation of thirst 
disappears, and this way consumption decreases, as the production of urine grows. This is why athletes can 
produce large amounts of urine, even if still suffering from dehydration. Furthermore, if the ingestion of drinks 
takes place in the evening, they can stimulate diuresis overnight and can interrupt sleep, leading to incomplete 
recovery (Bernardot, 2000). 
 The American College of Sports Medicine (2007) recommends that hydration after effort should cover more 
than 150% of the amount of fluid lost during exercise. The drinks considered optimal to rebalance the fluid 
balance in 6 hours after cessation (Sawka, Latzka, Montain, 2000) are the following: 
 hypotonic drinks that have a content of carbohydrates and electrolytes below the normal concentration of body 
fluids, as they can be quickly absorbed and used immediately after effort; 
 isotonic beverages with a concentration of carbohydrates and minerals similar to the internal environment; 
their consumption is recommended after recovery as they favour additional fluid intake; 
 hypertonic drinks which have carbohydrate and electrolyte concentrations that exceeds that of body fluids; 
they are ideal for energy supplementation during training with high energy consumption. 
3. Conclusions 
To prevent dehydration, electrolyte balancing before, during and after effort has to meet certain conditions: 
 simple water administration during effort is recommended only for a duration lasting more than 60 minutes; 
 special sports drinks should contain 10-25 mmol/l salt rehydration, ensuring more effective hydration than 
plain water. In case of very sustained efforts though, salt intake through food must be supplemented; 
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 carbonated solutions should be avoided, especially when "thirst" appears, as they favours the sensation of "full 
stomach" and thus prevent the consumption of sufficient quantities of liquid to complete rehydration. The 
presence of carbonic acid also contributes to emphasizing  pH decrease by artificially increasing acidity; 
 athletes should weigh themselves every morning and record the values in a personal journal, because the 
constant is the result of rehydrating body weight correctly. For weight loss, fluid intake should be 
supplemented by approximately 500 ml per 400 g lost; 
 the "ideal" drinks consumed during recovery should stimulate the intestinal absorption of water, this way 
maintaining electrolyte balance of the body and providing energy support for muscle activity. 
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